Ains-To clone and characterise the complete structural gene for the human aryl hydrocarbon receptor (AhR). This gene, located on chromosome 7, encodes a cytosolic receptor protein which, upon activation by various xenobiotic ligands, translocates to the nucleus, where it acts as a specific transcription factor. Methods-Primers, based on the AhR cDNA sequence, were used in conjunction with recently developed long range PCR techniques to amplify contiguous sections of the cognate gene. The amplicons produced were then cloned and characterised. A cDNA probe was also used to screen a human Pl library. Results-Using the cDNA primers, DNA fragments which mapped the entire coding region of the gene were amplified and cloned. All but one ofthese fragments were amplified directly from human genomic DNA. The remaining fragment was amplified using DNA prepared from a P1 clone as the PCR template. This P1 clone, obtained by screening a human P1 library, also contained the entire Ah locus. Characterisation of amplified and cloned DNA fragments provided sufficient information for the construction of a complete structural map of the gene. This also included 150 base pairs of nucleotide sequence data at all intronic termini. Conclusions-These data indicate that the human AhR gene is about 50 kilobases long and contains 11 exons. The overall intron/ exon structure of the human gene is homologous to that of the previously characterised mouse gene; however, it is probably some 20 kilobases larger. These results demonstrate the need for further characterisation and provide the data to facilitate this. 
located on chromosome 7, encodes a cytosolic receptor protein which, upon activation by various xenobiotic ligands, translocates to the nucleus, where it acts as a specific transcription factor. Methods-Primers, based on the AhR cDNA sequence, were used in conjunction with recently developed long range PCR techniques to amplify contiguous sections of the cognate gene. The amplicons produced were then cloned and characterised. A cDNA probe was also used to screen a human Pl library. Results-Using the cDNA primers, DNA fragments which mapped the entire coding region of the gene were amplified and cloned. All but one ofthese fragments were amplified directly from human genomic DNA. The remaining fragment was amplified using DNA prepared from a P1 clone as the PCR template. This P1 clone, obtained by screening a human P1 library, also contained the entire Ah locus. Characterisation of amplified and cloned DNA fragments provided sufficient information for the construction of a complete structural map of the gene. This also included 150 base pairs of nucleotide sequence data at all intronic termini. Conclusions-These data indicate that the human AhR gene is about 50 kilobases long and contains 11 exons. The overall intron/ exon structure of the human gene is homologous to that of the previously characterised mouse gene; however, it is probably some 20 kilobases larger. These results demonstrate the need for further characterisation and provide the data to facilitate this. The human aryl hydrocarbon receptor (AhR) gene locus is located on chromosome 7,' and encodes a 96 kDa ligand activated transcription factor.2 In its transcriptionally inactive state the AhR is found in the cytosol associated with the heat shock protein (hsp) 9O. 3 Ligand binding results in the AhR being translocated to the nucleus,4 where it is believed to undergo transformation to a transcriptionally active state via hetero-dimerisation with the AhR nuclear translocator protein (ARNT) and dissociation from hsp9O. [5] [6] [7] This complex then mediates increased expression of a number of target genes known collectively as the Ah gene battery. Although the number of genes which comprise this battery is uncertain, the primary role of those characterised to date is xenobiotic metabolism.89 This is unsurprising, because all known ligands for the AhR are xenobiotics. Although endogenous ligands have not yet been identified, it is suspected that they exist and may play an important role in the regulation of cell differentiation or homeostasis.°11
There are several groups of diseases, such as neurodegenerative disorders and certain types of cancer, where xenobiotic insults, or more commonly individual differences in dealing with such insults, have been implicated in the disease aetiology. Disturbances in cell differentiation and homeostasis are also features of these diseases."2"3 As current data suggest that the AhR system plays a key role in the regulation of such processes, we hypothesise that genetic defects within any part of this complex system may play primary causative roles in some of these disease states. However, before this hypothesis can be fully investigated, a detailed understanding of the genes encoding the various components of the AhR system must be established.
From fig 1, a PCR product ontaining is shown to be generated by AhRF5/AhRR9; epared by as described below this was amplified using a developed P1 clone instead of genomic DNA as the PCR ology was template). In each case the amplicon was larger ible DNA than that which would be generated using -taq from cDNA as template, thus suggesting that the ITC Bio-primers were positioned in separate exons. PCR other re-reactions with primers AhRF5 and AhRR9 ed in the generated no visible products; this was also the case for reactions containing AhRF1/AhRR9 Screening of the human P1 library identified and AhRF5/AhRR13. This suggested that the six potentially positive clones, stab cultures of distance between primers AhRF5 and AhRR9 which were obtained from the ICRF. DNA was simply too great to allow amplification prepared from these clones was investigated by directly from a complex template such as gen-PCR using primer pairs AhRF1/AhRR4 and omic DNA.
AhRF9/AhRR8, which should generate am-GAA GCA GAG CTG TOC ACG AGA GGC TCA GOT TAT CAG TTT ATT CAT GCA GCT GAT ATG CTT TAT TOT GCC GAG TCC CAT ATC CGA A gtaagttgta gttccttatg aacatgtcag aagaaaacgg catatactgt tgtacatgtt tcaaattctt acgtaatgta aagtgtttaa gtaaagtata The sequences of three genomic clones have also been published.2' 23 Two of these clones (GenBank D31708/D28768) contain sequence from about 2 kilobases upstream of the transcription start site to several hundred bases inside the 5' end of intron A. The sequence of the third clone (GenBank D38044) starts in intron F and terminates in intron I. We have considered this sequence information in our investigations and have come across several interesting anomalies, which are discussed below.
Despite considerable attempts, we have been unable to amplify successfully any fragments upstream of the translation start site. PCR reactions using forward primers positioned between the transcription and translation start sites have resulted in multiple non-specific products; reactions using forward primers upstream of the transcription start site have generated no products at all as yet. The same results (not shown) were observed when either genomic DNA or P1 clone DNA was used as the PCR template. It is unlikely that the two published sequences are incorrect as they were obtained independently and are virtually identical. The problems with primers positioned immediately upstream of the translation start site may be due to the very high GC content of this region. However, no unusual sequences are apparent further upstream; we are therefore currently unable to explain our inability to amplify fragments from this region.
With respect to the third genomic clone (GenBank D38044), we have sequenced in from the 5' end of our clone containing intron F to overlap with this sequence, thus spanning the complete intron. However, this overlap did not occur until position 191 of the D38044 sequence. Database searches using the first 190 bp of the D38044 sequence did not reveal significant homology with any other published sequence, suggesting that they were not part of the vector. Therefore, although a cloning artefact still seems the most probable explanation for this anomaly, other reasons cannot be excluded.
In this paper we present a complete structural map of the human AhR gene and about 150 bases of consensus sequence data at both ends of each intron. These data will facilitate the identification and localisation of human polymorphisms within this gene. Indeed, Southern blot analysis has already identified a MspI restriction fragment length polymorphism and demonstrated its association with a significantly increased risk of lung cancer.2425 Using the data we and others have reported, it should now be possible to locate this polymorphism, thereby allowing a considerably more practical PCR based genotyping assay to be developed.
Because of the considerable size of certain introns within this gene, it is likely that they will contain interesting features such as microsatellite repeat sequences and possibly additional regulatory elements. However, their size also means that full sequence determination will incur significant financial implications; for this reason the authors are prepared to distribute freely all clones to any interested groups. (This excludes P1 clones which must be obtained via the ICRF.)
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